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Automated Transceiver Testing 

A new computerized system is dedicated to production 
and maintenance testing of mobile transmitters, 
receivers, and transceivers in the 
communication bands from 10 MHz to 1000 MHz, 
Tests conform to EIA standards and include 
AM, FM, audio, and power tests. 

by Dimitry A. Bobroff 



RECENT RAPID GROWTH in the transceiver 
. manufacturing and maintenance industries, 
coupled with the effects of inflation and greater em- 
phasis on quality assurance in response to user 
demand, have sent the costs of transceiver testing 
dramatically upward. Automated testing is being 
seen as a solution — increasing throughput, mini- 
mizing test costs, and improving quality by accurate, 
thorough, and repeatable testing. 

The new Hewlett-Packard 9540 Transceiver Test 
System, Fig. 1, is designed to meet these objectives. 
The system performs AM, FM, audio, and power 
tests for production and maintenance of mobile 
transmitters, receivers, and transceivers in the com- 
munication bands from 10 MHz to 1000 MHz. 

Testing throughput with the 9540 System is much 
faster than manual testing. A complete production 
test of a typical final-assembly transceiver can be 
performed in about three minutes. An equivalent 
test done manually would take 15 to 30 minutes. 

Besides being faster, 9540 testing is more com- 
prehensive, that is, more tests can be performed 
than would be feasible manually. Also, the system 
can automatically generate failure-rate information 
that may reveal design problems, thereby aiding 
product improvement. Test probes supplied with 
the system can be used in combination with an ap- 
propriate user-written diagnostic program to ac- 
celerate troubleshooting of transceivers that fail 
the automatic tests. 

Tests Performed 

In the United States, all transceivers are required 
to meet rigid Federal Communications Commission 
requirements for RF power output, AM modulation 
depth or FM deviation, frequency accuracy and 
stability, and spurious radiation. In other countries, 
equivalent government bodies impose similar re- 



quirements. The U.S. Electronic Industries Asso- 
ciation (EIA), a manufacturers' group, sets require- 
ments for many additional parameters. To guaran- 
tee compliance, transceivers must be thoroughly 
tested not only on the production line, but also 
periodically while in service. 

The 9540 system makes all of the EIA measure- 
ments normally encountered in a production envi- 
ronment. Excluded are tests of transmitter spurious 
radiation and intermodulation products, typically 
not done in production. Fig. 2 is a list of the tests 
performed. Detailed measurement capabilities and 
accuracy specifications are listed on page 7. 
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Fig. 1. 9540 Transceiver Test 
Systems test receivers, transmit- 
ters, and transceivers five to ten 
ten times faster than manual 
methods. This is the full-capa- 
bility Model 9540D disc-based 
system. A paper-tape system 
(Model 9540B) is also available. 



System Description 

The 9540 Transceiver Test System is an inte- 
grated hardware/software automatic system con- 
sisting of computer and peripherals, programmable 
instruments, special interface and control panels, 
high-and-low-frequency switching, software rou- 
tines for calculating transceiver parameters from 
fundamental measurements of voltage and time, an 
easy-to-use programming language, and a software 
operating system. 

A feature of the new systems is a dual-port inter- 
face panel, or RF test head, that allows a second 
transceiver to be connected and warmed up while 
one is being tested, thereby maximizing testing 
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Fig. 2. 9540 Systems make all EIA tests normally encoun- 
tered in a production environment. 



throughput. The RF test head can be separated from 
the system by a 15-foot cable so transceivers can 
be tested inside a screen room while the system re- 
mains outside (see "Shielding and Grounding," 
page 6]. 

The system is programmed in the HP ATS BASIC 
language, an automatic-test-system-oriented lan- 
guage that is easy to understand and use. An ex- 
ample test program based on EIA requirements is 
provided with the system. This program can be 
easily adapted by the user to a specific transceiver. 
Once the test engineer or skilled test technician has 
programmed the test sequence required, actual pro- 
duction testing can be done by operators of average 
skill using pushbutton system commands. 

Transceiver Test Hardware 

Fig. 3 is a block diagram showing the hardware 
elements of the new transceiver test system. Trans- 
ceivers to be tested are connected to the system at 
the RF test head, Fig. 4. 

In the RF test head are a double-balanced mixer 
and other RF components for down-converting the 
transmitter frequency, a peak detector for AM mea- 
surements, and a thermistor mount for RF power 
measurements (Fig. 5). Also included are a pro- 
grammable attenuator and programmable RF 
switches for setting up measurement paths. 

On the front of the RF test head are two type N 
connectors for transmitter output and receiver in- 
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Fig. 3. Transceiver stimulus is provided by a signal gen- 
erator and a frequency synthesizer. Measurements are 
made by a multimeter, a counter, and a power meter, 
supplemented by special software to compute distortion 
and other parameters. A modular switch sets up measure- 
ment paths under computer control. 

put, two audio connectors for transceiver speaker 
and microphone input and output, and two connec- 
tors for supplying dc power to the two transceivers. 
A 500 MHz peak-detecting probe and a dc probe 
connect to the RF test head to aid in trouble-shoot- 
ing faulty transceivers. 

Pushbuttons on the RF test head provide for 
initiating a test or for terminating it under abnormal 
conditions. A two-digit thumbwheel switch selects 
the number of the test to be run. Indicator lights 
show which of the two transceivers is being tested, 




Fig. 4. Transceivers to be tested are connected to this RF 
test head. Two units at a time can be connected; one can 
be warming up while the other is being tested. A 15-foot 
cable allows the test head to be inside a screen room while 
the'system remains outside. 




Fig. 5. Inside the RF test head are a down-converting mixer, 
a peak detector, a thermistor mount, a programmable at- 
tenuator and programmable RF switches. 

and other indicator lights call for manual squelch or 
volume adjustments during tests. 

Programmable instruments in the system include 
an RF signal generator, a frequency synthesizer, a 
power meter, a counter, and a digital voltmeter. A 
modular switch routes low-frequency signals from 
the RF test head to appropriate measurement in- 
struments. The switch also provides for control of 
the programmable components in the RF test head. 

The signal generator (HP 8660A Synthesized 
Signal Generator) provides RF signals from 1 MHz 
to 1300 MHz. For receiver testing it provides input 
stimulus; it can be programmed to a desired AM 
modulation depth or FM peak deviation. In trans- 
mitter tests it acts as a local oscillator for down- 
converting the transmitter frequency to below 
100 kHz. 

The frequency synthesizer (HP 3320B) provides 
audio-frequency modulation. 

The power meter (HP 432C] measures transmitter 
power output. With an external 30 dB attenuator 
and the internal programmable attenuator the 
power meter can measure RF power from 1 watt to 
100 watts full scale. 

The electronic counter (HP 5326A) makes period 
measurements of down-converted transmitter sig- 
nals for tests such as FM deviation, carrier fre- 
quency, and FM transmitter distortion. 



The digital voltmeter (HP 3480B with sample- 
and-hold) samples low-frequency receiver wave- 
forms for audio power output and audio distortion 
tests. It also measures resistances. 

A teleprinter acts as a system control device for 
program development and provides hardcopy print- 
out of test results. 

Options available include a CRT terminal, a line 
printer for faster hardcopy output, a digital clock 
to provide time of day and elapsed time informa- 
tion, and a multiprogrammer for programming 
power supplies to provide variable dc voltages to 
the transceiver under test. 

Transceiver Test Software 

Two different software operating systems are 
used in 9540 Systems. Model 9540B uses the Test 
Oriented Paper Tape System (TOPTS), with pro- 
grams loaded into core memory from paper tape. 
Model 9540D uses a disc-based executive called 
TODS (Test Oriented Disc System). TODS is de- 
signed to eliminate restrictions on the size and 
scope of software programs that might otherwise 
be limited by the available computer core memory. 
It provides for segmenting of programs on the disc 
and easy access to the various segments via pro- 
gram and subroutine linking. HP ATS-BASIC, FOR- 
TRAN, and HP Assembly Language are all com- 
patible with TODS. 

TODS also provides editing routines that can 
automatically delete or change source programs on 
the disc. This is important when new programs are 
being written and debugged. 

Another important feature of TODS is the cata- 



log and librarian system. As the system stores pro- 
grams on the disc it catalogs their locations so they 
can easily be accessed by test routines. On com- 
mand, the librarian will print out a list of the pro- 
grams stored on any selected portion of the disc. It 
will also print the amount of space remaining on 
the disc. 

Included in the operating system is a Transceiver 
Test Executive that scans the RF test head to deter- 
mine which of the two ports is ready to test, initial- 
izes all switching, and initiates execution of the de- 
sired program. 

Special software signal processing routines elim- 
inate the need for specialized instruments such as 
a distortion meter or an FM deviation meter. There 
are routines for sampling voltages and instanta- 
neous periods, and fast-Fourier-transform routines 
for deriving parameters such as rms value, rectified 
average value, rms distortion, and FM deviation. 
These routines are described in more detail in the 
article on page 8. 

Testing a Transceiver 

The transceiver test system is supplied with a 
sample test program for making all typical tests on 
transceivers. This serves as a guide to the user in 
programming the system to test a particular trans- 
ceiver. Thus program development time is mini- 
mized. The average user should be able to begin 
testing in a day or two, including the time required 
for electrical interfacing. Fig. 6 shows typical 
sample test program segments for carrier frequency 
measurement and audio output power measure- 
ment. Fig. 7 shows a typical printout of results. 



Transmitter Program in BASIC (Carrier Frequency Accuracy) 








STATEMENT 
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DSPLAY "TRANSMITTER ON" 




Notice to operator 


10 


LET F : 48.32 




Define RF frequency (F) 


15 


CTRSF (4,0,0) 




Set function of counter 


20 


RF0S0 (F, -5,0) 




Set RF output 


25 


CTRMF (4,V0,1) 




Measure period, store in V0 


30 


LET E : INTU/V0-5000+0.5) 




Find frequency error <E) 


35 


DSPLAY "CARRIER IS" E "HZ FROM" F 


"MHZ"; 


Display E in Hz 


40 


LET E8 = ABSCE/C 10T6*F) ) 




Calculate fractional error 


45 


IF E8>. 00002 DSPLAY "FAILED" 




Compare and display if over limit 


Receiver Program in BASIC (Audio Output Power) 








STATEMENT 






1 


LET F = 48.32 




Define RF frequency (F) in MHz 


5 


ACVSV(1,1000,.5) 




Set up modulation 


10 


DVMSU(5,10,0) 




Set up DVM 


15 


RF0S0 (F, 0,-17) 




Set RF output 


20 


RFOSM (2,1,3.3) 




Set RF modulation 


25 


WAIT (5000) 




Settle for 5000 ms 


30 


DVMMU (32,F(1),-1032) 




Measure 32 samples of F(l) 


35 


RMS (32,F(1),V0) 




Calculate rms value of V0 from F(l) 


40 


DSPLAY "AUDIO POWER IS" V0T2/3.2 


"WATTS" 


Calculate power and display value 



Fig. 6. Sections of typical test 
programs written in ATS BASIC. 
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Shielding and Grounding 

The 9540 RF test head is located at the end of 15 feet of 
cable (usable length from exit at rear of system to rear of 
test head) so the test head can be placed in a screen room. 
This keeps three things out of the screen room: the system 
bulk, the system heat dissipation, and radio-frequency ra- 
diation from the computer. 

To minimize signal degradation by the cables between 
the system and the test head, transmitter output signals are 
down-converted to below 100 kHz at the test head, and in 
receiver testing, corrections are made for cable losses be- 
tween the 8660A Signal Generator and the test head. Also, 
to preserve the integrity of the low-frequency signals between 
the test head and the system, special attention has been 
paid to grounding and shielding. 

One vertical rail in the instrument bay has been chosen 
for use as a ground bus. All instruments are connected to 
this rail by heavy ground straps. The power-line ground is 
also connected to this rail. 

The 9540 System provides 22 test point connections at 
each test head audio connector. These may be used as 11 
shielded twisted pairs or as 22 measurement points to 
ground. Measurements can also be made between any two 
test points. 

The shields are continuous from system to test head panel, 
where they are available to the user. They are grounded 
only at one point, the interconnect panel in the system, 
which in turn is grounded to the cabinet rail along with the 
instruments. The voltmeter guard is connected to the shield 
of its twisted-pair input cable which also is grounded to 
the interconnect panel. 

With minor exceptions, the 9540 System ground paths 
are in the form of a tree rather than a mesh, so loops are 
avoided. This is especially true of the exterior connections 
between the system and the test head. 



Fig. 7. Typical test program printout. 



To test a transceiver, the operator first connects 
three cable harnesses between the transceiver to be 
tested and the RF test head. One harness is for RF, 
one is for audio, and one is for dc power. The opera- 
tor then dials the number of his previously written 
test program for that transceiver (9540D system 
only] and presses the READY TO TEST button on 
the RF test head. 

When this button is pressed the system begins 
execution of the selected program, turns out the 
READY TO TEST button lamp, and lights the TEST 
IN PROCESS lamp. 

During the test, if a volume or squelch adjust- 
ment is necessary, the VOLUME or SQUELCH in- 
dicator will light. The operator then adjusts the ap- 
propriate transceiver control while watching the 
LOW, PASS, and HIGH indicator lamps on the RF 
test head. Having adjusted the control so the PASS 
indicator is lighted, he presses the DONE button 
and execution of the test program continues. 

When the operator isn't adjusting controls he can 
connect a second transceiver to the RF test head. 
With the 9540D System the two transceivers can 



be different types; with the 9540B they must be the 
same. When the current test is complete the system 
executive extinguishes the TEST IN PROCESS 
lamp, restores internal switching, and begins test- 
ing the second transceiver if it is connected and its 
READY TO TEST button has been pressed. 
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SPECIFICATIONS 

HP 9540 Transceiver Test System 
GENERAL SPECIFICATIONS 

TRANSCEIVER TYPES: AM or FM 

TRANSCEIVER FREQUENCY RANGE: 10 MHz to 1 GHz 
TRANSCEIVER OUTPUT POWER RANGE': 1 Watt to 100 Watts 
RECEIVER MEASUREMENT ACCURACIES 
Sensitivity Measurements 2 
(SINAD, Quieting, Squelch Sensitivity & Clamping) 

RF LEVEL SETTABILITY: 

±1.6 dB from -25 dBm to -127 dBm, resolution 1 dB (-127 

dBm = 0.1 jiV @ 50S2), up to 500 MHz 
FM DEVIATION SETTABILITY: 

±5% of setting 
AM MODULATION DEPTH SETTABILITY: 

±5% of setting 

Output Measurements 

AUDIO RMS DISTORTION ACCURACY: 

Reading ±1% for measurements up to 25% distortion levels at 

1 kHz modulating frequency 
AUDIO POWER OUTPUT ACCURACY: 

±1% ± Load resistor tolerance at 1 kHz 
HUM AND NOISE: 

60 dB below rated receiver output level 
AUDIO FREQUENCY RESPONSE ACCURACY: 

±0.2 dB, 50 Hz to 3 kHz 

TRANSMITTER MEASUREMENT ACCURACIES 
Carrier Measurements 

CARRIER POWER OUTPUT ACCURACIES': 

±0.4 dB, 100 MHz to 1 GHz 

±0.7 dB, 30 MHz to 100 MHz 

±1.2 dB, 10 MHz to 30 MHz 
Input VSWR = 1.1 
CARRIER FREQUENCY ACCURACY: 

<6 X 10-' over 6 month period 

<6 x 10-» over 24 hour period 
AM HUM AND NOISE: 

60 dB below rated output 
FM HUM AND NOISE: 

55 dB below rated deviation, at 3 kHz deviation (750 as pre- 

emphasls) and 1 kHz modulation frequency 

Modulation Measurements 

FM DEVIATION ACCURACY": 

±3% of reading from 50 Hz to 3 kHz modulating frequencies, 500 
Hz to 15 kHz peak deviation 
AM MODULATION ACCURACY: 



for modulating frequencies 50 Hz to 1 kHz 


modulation depth 


30% 


70% 


95% 


reading ± 


1% 


2% 


5% 


for modulating frequencies up to 3 kHz 


modulation depth 


30% 


70% 


95% 


reading ± 


2% 


4% 


10% 



MODULATION LIMITING ACCURACY: 

Same as FM deviation and AM modulation measurement accuracies 
AUDIO SENSITIVITY ACCURACY: 

FM: ±4% of reading 

AM: ±5% of reading at 1 kHz modulation frequency 
AUDIO FREQUENCY RESPONSE ACCURACY: 

±0.5 dB, 50 Hz to 3 kHz 
AUDIO RMS DISTORTION ACCURACY: 

Reading ±1% for measurements up to 25% distortion levels at 

1 kHz modulating frequency 
NOTES: 1. Transceivers with power levels lower than one watt or 
higher than 100 watts can be tested using special atten- 
uators. 

2. Input settability accuracy and audio rms distortion mea- 
surement accuracy determine SINAD sensitivity measure- 
ment accuracy. 

3. Specification represents rms uncertainties of the measure- 
ment system but does not include mismatch uncertainty 
due to transmitter VSWR. 

4. Deviation must be greater than modulating frequency. 
PRICE IN U.S.A.: 9540D, $128,000; 9540B, $110,000 (plus options). 
MANUFACTURING DIVISION: AUTOMATIC MEASUREMENT DIVISION 

974 East Arques Avenue 
Sunnyvale, California 94086 U.S.A. 



Processing Techniques for 
Automatic Transceiver 



Here's how the 9540 System tests transceivers to El A standards using only a voltmeter 
and a counter. 

by Robert G. Huenemann 



MANY TRANSCEIVER PARAMETERS are 
not measured directly by 9540 Systems but 
are computed from sampled voltage and frequency 
measurements. Special software routines have been 
developed for this purpose. 

Readers familiar with modulation theory, sam- 
pled data theory, and Fourier analysis will imme- 
diately recognize the type of signal processing tech- 
niques used by 9540 Systems. Readers who would 
like additional background will find references at 
the end of this article. 1, 2 

Sampled Voltage Measurements 

Sampled voltage measurements would be simple 
if high-speed analog-to-digital converters were 
available as inexpensive system components. This 
is because sample timing considerations are much 
simpler if analog-to-digital conversion rates are 
high enough to permit all samples to be taken over 
one cycle of the waveform of interest. 

However, a system such as the 9540 must provide 
a resistance measurement capability as well as volt- 
age measurements. This makes a digital voltmeter 
with sample-and-hold circuitry an overwhelmingly 
cost-effective system component. 

Typically, such voltmeters have more than 
enough digits of resolution and a suitably narrow 
aperture, but a low digitization rate — 1 kHz, in the 
case of the HP 3480B used in the 9540 System. This 
means that samples must be taken over many suc- 
cessive cycles of a waveform (which must, of 
course, be repetitive) using a sampling-oscilloscope 
approach (see "Sample Timing Considerations," 
page 11]. 

Rms Value. The 9540 BASIC software includes a 
call 

RMS (N, V (K), V) 
which computes the rms value V of N sampled 



voltages that have been stored in an array V (K). 

This call can be used on a series of measurements 
taken by the 3480B Voltmeter in sample-and-hold 
mode to determine the rms value of an ac waveform 
such as a receiver output voltage. 
Rectified Average. The 9540 call 

AVG (N, V (K), V) 
computes the average of the absolute values of N 
sampled voltages that have been stored in an array 
V (K). 

This call can be used on a series of measurements 
taken by the 3480B Voltmeter in sample-and-hold 
mode to determine the average value of an ac wave- 
form, or the value V can be multiplied by 1.11 to 
determine the rms sine-wave equivalent, which is 
the value that would be read by many D'Arsonval 
type meters with rms scales. 
Peak Noise. The 9540 call 

PEAKS (N, V (K), VI, V2) 
will return the highest and lowest values VI and V2 
of N sampled voltages from an array V (K). 

This call can be used on a series of measurements 
taken by the 3480B Voltmeter to determine such pa- 
rameters as peak-to-peak noise of a power supply 
voltage. 

Distortion. The 9540 BASIC user software includes 
a series of routines that allows the rms distortion 
of a waveform to be computed from a series of 32 
sampled values of that waveform. The samples 
must be timed properly to coincide with either one 
waveform period or many successive periods as in a 
sampling oscilloscope. In this way, the waveform 
can be re-created within the limits of Nyquist's sam- 
pling theorem. From these samples, the 9540 user 
can call a 32-point fast Fourier transform (FFT) 
with the call 

FFT (32, V (K), W (1,1)) 
where K is the address of the first sample point 



measured by the voltmeter and W [1,1] is the first 
entry in a table of trigonometric coefficients. The 
FFT uses the Bergland algorithm 3 to return the val- 
ues of the spectrum of the waveform to the same 
array. The spectrum is in the form of a dc term, 
30 sine and cosine components of the fundamental 
frequency and harmonics 2 through 15, plus one 
component of the 16th harmonic. 

These components are in the scrambled order 
which is typical of in-place transformations. There- 
fore the software includes a call 

ORDER (16, V(K], U(T)) 
which combines the sine and cosine components 
into magnitudes on an rms basis and arranges them 
in order of ascending frequency. 

Finally, the rms distortion can be obtained by 
using the call 

DIST (16, U(J), D) 
on the output array of the ORDER call to obtain the 
rms percent distortion relative to total rms power 
from the waveform spectrum. In this way, the dis- 
tortion of a waveform can be determined without 
using a hardware distortion analyzer (Fig. 1). 



AM Peak Detector Linearization 

In AM measurements, an HP 8471A Diode Peak 
Detector is used to demodulate the waveform. The 
output of the detector is measured by the 3480B 
voltmeter, and all the sampled voltage measurement 
techniques described above are then useful in one 
way or another. 

The use of the distortion routine is obvious, and 
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Fig. 1. In audio distortion tests, sampled measurements 
followed by fast- Fourier-transform and distortion-compu- 
tation routines do the job of a hardware distortion analyzer. 



the PEAKS routine can be used to find modulation 
depth and residual peak noise. 

The only problem is that diode peak detectors 
are nonlinear at low input levels. In a computer 
system this can be corrected because the system 
has the computing power and speed to do a lineari- 
zation on each set of measured data points (Fig. 2). 

To calibrate the peak detector transfer function, 
a series of CW RF levels from the 8660A Signal 
Generator is applied to the peak detector, and the 
detector output is measured by the DVM. The sys- 
tem includes an automatic switched path for this 
purpose. Next, because the power measurement 
accuracy of the 432C Power Meter is better than the 
8660A output-level specification, the system 
switches the 8660A to the 432C, using another auto- 
matic path, and repeats the level measurements. RF 
peak voltage levels are computed from these power 
measurements, and these RF peak voltages are 
stored in a calibration table along with the corre- 
sponding outputs from the peak detector as mea- 
sured by the DVM. 

In subsequent AM measurements, the dc sample 
values are converted to equivalent peak RF levels, 
using the calibration table and a linear interpola- 
tion routine, AMINT. Above the maximum value 
of the table (10 dBm is the upper limit of signal gen- 
erator output), the peak detector can be assumed 
to be linear. 

Sampled Frequency Measurements 

To test FM transceivers, it's necessary to make 
sampled measurements of frequency as. well as of 
voltage. For this the system uses an HP 5326A 
Counter as a low cost "frequency-to-digital" con- 
verter, since there are as yet no instruments de- 
signed specially for digital FM demodulation. The 
salient features of this instrument are that its best 
resolution is obtained in the period mode, it can 
only measure alternate periods of a waveform, it 
can do so at sampling rates up to 100 kHz, and its 
period-mode resolution is 0.1 microsecond. 

The period-mode frequency-to-digital converter 
(counter) cannot be timed like an analog-to-digital 
converter. However, average timing can be con- 
trolled by controlling the average test frequency. 
This is done by down-converting all signals that go 
to the counter to below 100 kHz, using as a local os- 
cillator the HP 8660A Signal Generator, whose fre- 
quency can be precisely adjusted. This average 
down-converted frequency is measured using the 
counter's period-average mode, and this informa- 
tion is used to make small corrections to the 8660A 
frequency (see "Sample Timing Considerations," 
page 11 ). 
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Fig. 2. In AM tests, the system 
compensates tor detector non- 
linearity. Linearization is a signal 
processing capability that isn't 
practical using only hardware. 



Peak Deviation. To measure peak-to-peak FM de- 
viation, the 9540 System makes a series of 101 
period measurements on an FM waveform and de- 
termines the high and low peak values using the 
PEAKS call discussed previously. The system com- 
pensates for the relatively poor period-mode reso- 
lution of this counter by down-converting the FM 
signal before feeding it to the counter. The clock 
frequency of the counter is 10 MHz and the resolu- 
tion is specified at ±1 count or 0.1 microsecond. 

In choosing the frequency for down-conversion, 
several sources of error must be considered. The 
period-mode resolution of any counter gets better 
as the period is increased. This would favor down- 
conversion to a very low frequency, except for 
another source of error, namely measurement-time 
error. The longest period of the down-converted 
FM wave should not exceed 10% of the modulation 
period for the measurement-time error to be less 
than 1.64% for sine-wave modulation. 4 Thus mea- 
surement time error increases with modulation fre- 
quency if a fixed down-conversion frequency is 
used. If the down-converted frequency is increased, 
resolution error increases, so the deviation mea- 
surement accuracy is better at lower modulation 
frequencies. 

Yet another source of error has to do with the 
statistical likelihood of having a deviation peak fall 
exactly at the center of the measured period. If 100 
random samples are taken, this error is reduced 
below 0.1% with a confidence level of 0.96 (see Ref. 
5). 

In the 9540, timing relative to the modulation 
period is chosen in such a way that even higher con- 
fidence levels are achieved. Modulation frequencies 
of interest go to 3 kHz. Thus 101 measurements can- 



not be made over one modulation cycle. To maxi- 
mize the probability of measuring peak values, the 
down-converted carrier frequency is set to 101/N 
times the modulation frequency, where 101 is prime 
and N is an integer. N is chosen to keep measure- 
ment time error below 1.64% and to keep all mea- 
sured frequencies above 1 kHz. The upper limits on 
deviation and modulation frequency are then deter- 
mined by the allowable resolution error. 

The last source of error is triggering error due 
to noise, which is a function of applied signal level. 
This level is kept high by stepping up the mixer 
output with a wideband (1 kHz to 100 kHz) trans- 
former before applying it to the counter. In this 
way, trigger circuit noise is minimized as a source 
of error. The sideband noise of the local oscillator 
used in down-conversion is also unimportant com- 
pared to resolution and measurement-time errors. 
Rms FM Distortion. This is perhaps the most in- 
teresting 9540 measurement. A method was de- 
veloped for sampling the instantaneous frequency 
of a sinusoidally frequency modulated wave, using 
only the 5326A Counter. From these samples, the 
rms distortion can be computed. This avoids the 
need for a hardware discriminator or demodulator, 
a distortion analyzer, and a hardware de-emphasis 
network. 

The measurement consists of a series of period- 
mode measurements on the down-converted wave- 
form over one period of the sine wave modulation. 
These measurements describe the time between 
successive zero crossings of the down-converted 
carrier waveform. The timing information is in- 
herent in the measurements, because the starting 
time of each measured period is the sum of all 
previous periods. 
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Sample Timing Considerations 



Most of the signal processing routines used in 9540 
Transceiver Test Systems require 32 samples representing 
one cycle of the waveform of interest. The HP 3480B Digital 
Voltmeter will take at most 1000 samples per second. This is 
fast enough to take the required 32 samples over a single 
period of a waveform for waveform frequencies up to about 
31 Hz, as shown below. 



Waveform 




Sample Times 



If the waveform of interest has a frequency higher than 

31 Hz, the system uses a sampling-oscilloscope approach, 
taking 32 samples over more than one period of the wave- 
form. The simplest case consists of 32 samples taken over 

32 successive cycles of some repetitive waveform, as shown 
below. It can be seen that each successive sample falls a 
little later in the cycle (by 1/32 of a cycle). 
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An equally valid approach is to sample 32 times over 31 
cycles, as shown below. Here, each sample falls a little ear- 
lier on each successive cycle. 



Waveform 



Sample Times 



For a given upper sampling rate, a slightly higher signal 
frequency can be handled if the samples are taken over 32 
cycles rather than 31 . Even so, the input frequency is limited 
to about 1030 Hz unless cycles are skipped between 
samples: 



Waveform 



Sample Times 



To measure a 2 kHz waveform, 32 samples can be taken 
over 64 (or 63) cycles. At the upper 9540 System frequency 
specification of 6 kHz, the 32 samples are taken over at 
least 191 cycles of the waveform. 

For the sampled measurements to be accurate, it is crucial 
that timing correspond exactly to the number of cycles of the 
waveform. This is especially true for distortion measure- 
ments, where timing accuracies of a few parts per million 
are needed to reduce timing errors to the 0.1% level for 
samples taken over 32 cycles. 

In 9540 Systems, the voltmeter timing is set by the com- 
puter, and the signal source for either transmitter or signal- 
generator modulation is usually the 3320B Synthesizer. To 
increase timing stability, the synthesizer and computer are 
both tied to the high-stability 8660A Signal Generator time 
base. This eliminates relative time base drift as a source 
of error. 

The voltmeter driver allows the time between samples to 
be set anywhere between 32,768 microseconds and about 
1000 microseconds (the voltmeter's minimum digitization 
time) in one-microsecond increments. The synthesizer can 
be set in 1 Hz increments in the non-vernier (phase-locked) 
mode, up to 1300 Hz. 

For cases where 1 /*s timing resolution and 1 Hz fre- 
quency resolution aren't adequate, there are two possibili- 
ties. One is to use frequency/timing combinations that are 
in good agreement. For example, 1014 Hz can be used for 
many "one kilohertz" tests with a frequency error of only 
1.4%. A sample-to-sample timing of 1017 microseconds 
then gives 32 samples over 32 cycles with a distortion error 
due to timing of less than 0.08%, whereas at 1000 Hz and 
the best corresponding timing of 1032 microseconds the 
distortion error can reach 1.6%. 

If a particular frequency, such as 3 kHz, must be used, 
cycles can be skipped between samples if a better fre- 
quency/timing correspondence can be achieved in this way. 
For example, at 3 kHz a measurement over 96 cycles with a 
timing of 1031 microseconds can yield a distortion error of 
8%, but if the measurement is taken over 127 cycles with a 
timing of 1323 microseconds, the distortion error due to 
timing will be less than 1.6%. The timing becomes pro- 
gressively more critical as the sample spacing is increased. 
However, the major jump in required timing accuracy oc- 
curs in going from 32 samples per cycle to one sample per 
cycle. 

A BASIC-language algorithm furnished with 9540 Sys- 
tems helps the user select frequency/timing combinations 
consistent with his accuracy and measurement speed re- 
quirements. Fortunately, the required timing accuracy is 
greatly reduced for a simple sampled voltage measurement 
(RMS or AVG), as compared to a distortion computation. 

An additional consideration in frequency selection is that 
the highest frequency in the sampled spectrum must not be 
so high as to cause aliasing error. 2 In some cases, filtering 
may be necessary. If the bandwidth of the 3480B/3484B 
DVM (12 kHz on the 0.1 V range) doesn't provide enough 
filtering to prevent aliasing, the HP 5489A Low-Pass Filter 
that is a part of each 9540 System can be switched in to 
further restrict the input bandwidth. 

Frequency Measurements 

For FM distortion measurements, the timing is relatively 
straightforward. At a 1 kHz modulation frequency, the HP 
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5326A Counter data rate (100 kHz) is adequate to allow the 
required number of samples to be taken over two periods 
of a modulation cycle. The down-converted carrier is set at 
33 times the modulation frequency, or 33 kHz. 

The measurement is done in two steps. First the nominal 
transmitter carrier frequency is used to set up an initial 
signal-generator offset frequency. The mixer output fre- 
quency is then measured in the counter's period-average 
mode over 1000 periods or more (to minimize the effects of 
FM modulation on the measurement). This measurement is 
then used to correct the signal-generator frequency so the 
down-converted carrier frequency is 33 times the modula- 
tion frequency (±0.5 Hz for signal generator resolution). 33 
alternate periods are then measured over two modulation 
cycles and the computation proceeds as described in the 
text of this article. 

In FM deviation measurements, the timing is governed by 
a number of considerations. 101 period measurements are 
taken, to increase the probability of capturing the peak 
values. Modulating frequencies go as high as 3 kHz. The 
counter will not take 101 measurements in 1 /3 millisecond, 
so the down-converted carrier frequency is set to 101/N 
times the modulation frequency, where 101 is a prime num- 
ber and N is an integer chosen by a BASIC-language al- 
gorithm to achieve a balance between the counter resolu- 
tion and measurement time errors discussed in references 
4 and 5 and the text of this article. By using 101/N for the 
ratio of carrier frequency to modulation frequency any pos- 
sible synchronism between the modulation and carrier fre- 
quencies is avoided, thus further increasing the probability 
of having a deviation peak fall at the center of a measured 
interval. 

As in the FM distortion measurement, the complete de- 
viation-measurement sequence consists of a carrier fre- 
quency measurement in the period average mode, followed 
by a signal-generator frequency adjustment and the 101- 
value array measurement. 



Each period measurement can be inverted to find 
the frequency at the middle of that period. These 
midpoints are of course not equally spaced in time, 
but linear interpolation can be used to compute the 
values of frequency at a set of equally spaced times. 
These values can then be used in a Fourier analysis. 

The dc term in the resultant spectrum is the car- 
rier frequency. The spectrum can be de-emphasized 
by 750 microseconds to correspond to the standard 
test receiver used for these measurements,* and 
rms distortion can then be computed, using the 
DIST call described previously. 

The major complication is that the 5326A, like 
all counters presently available, will not measure 
each of the carrier periods of the down-converted 
waveform. It will in fact only measure every other 
period of the waveform. 

To overcome this limitation, the carrier period 
information is measured over two modulation pe- 



*De-emptiasis is equivalent to multiplying the spectrum by the transfer function of a 
single-pole RC filter having a time constant of 750 fis. This is done to compensate 
for the standard pre-emphasis curve used in communications transceivers. 



riods, and the down-converted carrier frequency is 
set exactly to an odd multiple of the modulation fre- 
quency (see page 11]. It then turns out that the car- 
rier periods measured during the second modula- 
tion cycle are precisely those periods which were 
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Fig. 3. In FM measurements the counter, acting as a tre- 
quency-to-digital converter, measures every other carrier 
period over two modulation cycles. These measurements 
are interleaved and a set ot equally-spaced frequency 
samples is computed. These are transformed to derive the 
spectrum and determine distortion. 
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skipped during the first. The values can be inter- 
leaved as shown in Fig. 3 to obtain a complete rep- 
resentation of one period, and the computation con- 
tinues as described above. 

Once the carrier frequency has been set, the se- 
quence is as follows. 



CTRMA (33, F (1)) 
PERIOD (33, F(1), F (34)) 
FMINT* (33, F (34), F (1)) 



FFT(32, F(1),W(1,1)) 
ORDER (16, F (1), F (32)) 

DEEMP (16, F (32), 1000) 

DIST (16, F (32), D) 



Measure 33 periods 
Interleave and store at F (34) 
Interpolate 33 periods into 32 

frequency samples equally 

spaced in time. Store in 

F(D 
Fourier transform 32 points 
Order and compute 16 

magnitudes 
De-emphasize spectrum of 

1000-Hz signal by 750 us 
Compute rms distortion D 



Rms FM Hum and Noise. The principal point that 
needs to be made about this measurement is that 
it is not a peak-to-peak residual FM measurement. 
The measurement is in fact made almost exactly 
like the rms distortion measurement just described. 
The down-converted carrier is set to 33 times the 
fundamental expected hum component (60 Hz or 
50 Hz, as appropriate]. The measurements are inter- 
leaved, interpolated, Fourier-transformed, and or- 
dered to get the hum spectrum. 

The transformed channels are wide enough that 
noise is also recovered. A de-emphasis of 750 mi- 
croseconds is applied, and the rms value of the hum 
and noise is computed from the rms sum of all 
spectral components except the dc term, which 
again represents the down-converted carrier fre- 
quency. Note that if the hum and noise were com- 
puted directly from a series of samples in the time 
domain, there would be no way to apply de-empha- 
sis to the spectrum. 
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Digitally-Controlled Current Sources 
for New Ways of Making 
Automatic Measurements 

Using a digitally-controlled current source as 
the stimulus in automatic test systems simplifies 
some measurements, improves others, and makes some 
easy that would be hard to do any other way 

By Rene Peerboom 



WHEN A CONSTANT-CURRENT STIMULUS 
is needed in an automatic test system, the 
usual practice has been to use a resistor in series 
with a programmable voltage source. As long as the 
series resistor is large enough, the impedance of 
the device under test has little effect on the current. 

This method works very well in many cases. 
Achieving accuracy, however, is not always prac- 
tical. For example, suppose the breakdown voltage 
of a rectifier is to be measured with 1 mA current 
flowing and with a voltage compliance of 50 V ex- 
pected. This is equivalent to a 50 ko load. 

Suppose also the measurement error is not to 
exceed 5%. By the usual 10:1 rule of thumb, the 
current therefore should be maintained within 0.5% 
of 1 mA. This says that the ratio of the series re- 
sistance to the load resistance should be 200:1, 
meaning a series resistance of 10 Mfl in this case. 
Now then, supplying 1 mA through a 10 Mfi resistor 
requires a potential of 10,000 V. 

To make constant current available for automatic 
testing without the problems associated with trying 
to adapt voltage sources, a new programmable con- 
stant-current source has been developed in two 
versions (HP Models 6140A and 6145A, Figs. 1 and 



2). These supply up to 160 mA and have the speed 
and accuracy desired for automatic testing as well 
as the data storage and input isolation needed for 
digital control. 

Designed for easy incorporation into a variety of 
automatic test systems, the new precision Current 
Sources can be programmed by computers, calcu- 
lators, a pocket programmer, and other types of 
digital controllers. Plug-in cards allow the user to 
select a variety of input codes and logic levels. The 
instrument can be programmed by straight binary 
inputs or by BCD signals. In addition, the Model 
6145A can be programmed from the front panel, al- 
lowing the instrument to be operated without a 
system controller. 

Input commands are stored internally, freeing the 
controller for other tasks between programmed out- 
put changes. Data storage also eliminates the output 
transients that otherwise would result from unequal 
propagation times or from ringing in the cables 
carrying the digital commands to the instrument 
(Fig. 3). Digital inputs are isolated from instrument 
ground by optoelectronic isolators so no ground 
loops are formed when the instrument is incorpo- 
rated into a system. 




Fig. 1. Model 6140A Digitally- 
Programmable Current Source 
supplies current accurately at 
levels up to ±160 mA in re- 
sponse to digital input com- 
mands. It accepts various logic 
levels and formats according to 
interface circuit boards that are 
installed through the removable 
panel on the front-panel. 
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The instruments respond quickly to new com- 
mands, bringing the output to within 0.1% of the 
programmed value in less than 0.3 ms following a 
new command. 

Constant Current vs. Constant Voltage 

Measurements of resistance, semiconductor 
breakdown voltages, magnetic field intensity, and 
relay pull-in characteristics are just a few of the 
applications for which precision constant-current 
sources are particularly well suited. 1 There are 
some situations in which either a constant-voltage 
or constant-current source could be used, but the 
measurement is simpler with constant current — 
measuring resistance, for example. This measure- 
ment could be made using an ammeter to read the 
current forced through a resistor by a constant volt- 
age, but with this method any voltage drops in the 
power supply leads must be accounted for. Mea- 
surements of small resistances are particularly 
troublesome this way because of contact resistance 




Fig. 3. Oscillogram shows clean response of new current 
sources to changes in output level. Initial output level was 
+ 160 mA; the instrument was then programmed across 
its full output range to — 160 mA, then back to +160 mA. 
Oscilloscope sweep speed is 100 /is/cm. 



Fig. 2. Model 6145A performs 
identically to 6140A, but has 
front-panel controls for operat- 
ing the instrument manually. 



in the connection to the unknown. What's more, 
the ammeter reading is inversely proportional to 
resistance, requiring some interpretation to get the 
true value. 

On the other hand, when the measurement is 
made using a constant-current source, a voltmeter 
reads the voltage across the resistance so it is not 
necessary to account for contact resistance or volt- 
age drops in the power supply leads. Furthermore, 
the measured voltage is directly proportional to re- 
sistance, so with suitable choice of ranges the read- 
out can be direct-reading. 

Another example of how a constant-current 
source simplifies measurements is the measurement 
of the capacitance of large electrolytic capacitors. 
By programming the computer to measure the time 
taken for a constant current to charge the capacitor 
to a selected voltage level, an accurate measure- 
ment is obtained very quickly. 



Current Range 

The new Current Sources supply current at levels 
from - 160 to + 160 mA (±100 mA with BCD input) 
with 5 i-iA resolution and with an error of less than 
10 juA +0.005% of setting. Voltage "compliance" is 
as much as ±100 V. 

The instruments actually have two ranges. The 
X10 range gives the ±160-mA capability just de- 
scribed. The XI range, however, is limited to ±16 
mA ( + 10 mA with BCD input) but it gives 10 X 
finer resolution: 0.5 i*A. Accuracy is then 1 pA 
±0.005% of setting. The instruments' stability (Fig. 
4) is such that there is no need to provide a current 
monitor in systems using the new current sources. 

The instruments make it possible to superimpose 
an externally supplied analog waveform on the dc 
output. This allows dynamic measurements to be 
performed, such as measurement of zener diode 
dynamic impedance, by varying the output while 
maintaining the average dc current at a selected 
level. 
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Fig. 4. 30-hour recording shows stability ot new Digital Current Sources with a constant 
load (110 mA at 68 V) and in a constant ambient temperature. Ac line power, however, 

was not constant. 



Leak-Proof Constant Current 

Maintaining accuracy with a current source re- 
quires strict attention to possible leakage paths. 
Any leakage from the high terminal to the low ter- 
minal along any path — through wire insulation, 
across circuit boards, etc. — adds to or subtracts 
from the output current thus causing an error in the 
current delivered to the load. 

Leakage currents within the new Current Sources 
are minimized by a guard shield that surrounds all 
conductors and components connected internally 
to the output. As shown in Fig. 6, page 17, the guard 
is driven so it is always within ±10 mV of the 
"High" output terminal. Any leakage current that 
might be attracted to the high terminal is inter- 
cepted by the guard so it does not detract from the 
output current. 

The guard can be extended to external circuits 
by connecting the shield surrounding the external 




Fig. 5. Effect of voltage limiting is shown by this oscillo- 
gram. Upper trace shows 11.5 V p-p output of the cur- 
rent source in response to a sinusoidal waveform at the 
analog input. In the lower trace, the voltage limiters have 
been set to ±5 V, resulting in hard limiting at 1.4 V be- 
yond the selected level. 



circuit to the rear-panel guard terminal.* The guard 
also provides a means of measuring the voltage at 
the output terminals without drawing current from 
or altering the impedance of the main output. Since 
the guard voltage closely tracks the output voltage, 
the output voltage may be measured at the guard 
terminal with no effect on the output current. This 
arrangement is used internally for the front-panel 
voltmeter. (The maximum that the guard can sup- 
ply to external circuits is 1 mA.) 

Constant Current Generation 

Basically, the operation of a constant-current 
power supply is similar to a constant-voltage sup- 
ply except that the control circuit monitors the volt- 
age developed across a current-monitoring resistor 
rather than the voltage developed across the output. 
The current-derived voltage is compared to a refer- 
ence and the difference between the two is used 
as a control signal for the series regulator. The out- 
put voltage is thus brought to a level that drives 
the load at the selected current level. If the load 
impedance changes, the output voltage changes ac- 
cordingly so the current is always stabilized at a 
value determined by the internal reference. 

A change to a high load impedance could cause 
the output voltage to go dangerously high as the 
supply seeks to maintain the current at the selected 
level. To protect the tested device in the event of 
an overvoltage condition, the new Constant Current 
Sources have voltage limiters that can be pro- 
grammed to any one of eight levels between 2 and 
100 V (positive and negative limits are programmed 
simultaneously with one command). Whenever the 
voltage reaches the selected limit, the limiters start 
diverting current away from the load and when the 
voltage goes 1.4 V beyond the limit, the output 
clamps at this level (Fig. 6) and a front-panel indi- 

*Note: the external shield must not link the guard with either output terminal. 
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cator turns on, alerting the user to the overvoltage 
condition. This information is sent to the controller 
on two voltage-limit status lines, one that turns off 
again whenever the output drops below the voltage 
limit, and one that stays on until reset so the oper- 
ator can know if a transient voltage-limit situation 
had occurred during the course of a test program. 

As a further protection for the load, the instru- 
ments automatically switch to the lowest voltage 
limit (±2 V) on turn-on, and remain there until com- 
manded to switch to a programmed limit. Also, if 
the controller cable should become disconnected 
accidentally, or if a thermal switch on the heat 
sink should respond to an excessive temperature 
condition, the instruments automatically switch to 
the minimum voltage limit and open a relay in series 
with the output (K2 in Fig. 6). The operator can also 
invoke the minimum voltage at any time by using 
an override line that can be wired into a system 
"panic" button. 



Inside the Digitally-Controlled Current Source 

Digital data for selecting the output current level 
is brought into the Digital Current Source on 15 
lines. In addition, there is a line for range (XI or 
X10) and one for polarity (+ or — }. 

The least significant data bit selects an increment 
of 0.5 i"A (on the XI range), the next selects an 
increment of 1 /*A, and so on up to an increment of 
8.192 mA for the 15th bit. The output equals the 
sum of the increments corresponding to the bits 
that are in the "1" state times the range (XI or 
X10). 

When the polarity bit is in the "1" state [— ], then 
the output equals the sum of the bits that are in 
the "0" state. In other words, data for negative cur- 
rents is supplied in the 2's complement form. 

The data goes to logic circuits that translate the 
input logic levels to the levels used by the instru- 
ment, then it passes through optoelectronic isola- 
tors. Plug-in cards enable the translation to accom- 



Positive Current 
Output Stage 




Fig. 6. Block diagram of new Digital Current Source. 
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modate a variety of input logic levels. A card can 
also be changed to allow use of binary-coded-deci- 
mal inputs. 

The controller also transmits a gate signal that 
causes the input data to be stored in IC flip-flops. 
After an appropriate delay [50 /*s without range 
change, 2 ms with), the Digital Current Source 
transmits a flag to the controller, telling the con- 
troller that the data may be removed from the input 
lines. 

The voltage-limit data is accepted, translated, and 
stored in the same way. Three binary inputs are 
provided for the voltage data, giving eight limits 
[2, 5, 7, 10, 20, 50, 70, 100 V). 

The storage flip-flops operate switches in the 
current-level digital-to-analog converter (DAC), as 
indicated in the block diagram of Fig. 6 . The DAC 
contains resistor-ladder networks of the type used 
in the HP Model 6130A/B Digitally-Controlled Volt- 
age Source 2 . 

The DAC output is a current, L, proportional to 
the desired output level, II, but of opposite polarity 
This current flows through resistor Rl, developing 
a voltage that is applied to the preamplifier and 
subsequently to the output stages. The resulting 
output voltage drives current through the load. 

The returned load current passes through the low 
terminal to the current monitoring resistor R2 (and 
R3 on the XI range). The polarity of the resulting 
voltage across R2 is such as to reduce the input to 
the preamplifier to zero. This negative feedback ac- 
tion thus makes the voltage across the current- 
monitoring resistors equal to the voltage across 
resistor Rl. 

The current I c subtracts from the load current I L 
passing through the monitoring resistor. The cur- 
rent I s in the monitoring resistors thus equals I L — 
Ic or, 

II = Ic + Is 

Since the voltage drops across Rl and R2 are equal 
and, in the X10 range, Rl = 99R2, 

II = Ic + 99 Ic = 100 Ic 
Similarly, on the XI range with relay Kl activated, 

II = 10 Ic. 

The effective output impedance achieved by this 
configuration is greater than 5 X 10 9 ohms in the 
XI range, and greater than 0.5 X 10 9 ohms in the 
X10 range. 

Internal Leakage Reduction 

The instrument has two internal ground refer- 
ences. The LOW output terminal is connected to 
ground^ 7 . Because of the voltage drop in the cur- 
rent-monitoring resistor (s), the power supplies for 
the output stages are referenced to ground^" 7 . The 



other circuits are referenced to the appropriate one 
of these two grounds. 

Because leakage currents between grounds^and 
^7 would in effect be load current that by-passes 
the current-monitoring resistors, and would thus 
degrade output accuracy, steps were taken to pre- 
vent such leakage. This was done by surrounding 
the ground^conductors with a second guard driven 
by an amplifier referenced to ground^ 7 . This guard 
is thus at ground^7potential, intercepting any leak- 
age paths from ground^ 7 to ground^. 

The guard is implemented by running printed- 
circuit traces parallel to and on either side of traces 
that carry ground ^7, using hygienic construction 
to inhibit leakage from ground ^7 to the guard. If 
there should be any such leakage, it is recirculated 
to ground^7by way of the guard amplifier and its 
power supply, thus assuring that leakage causes 
no net change in the current delivered to the cur- 
rent-monitoring resistors. 

The high guard system, for preventing leakage 
between the HIGH and LOW output terminals, was 
described earlier. 

Output Configuration 

The output stages are connected in a comple- 
mentary push-pull configuration. Bias levels are 
chosen so that a quiescent current level of 50 mA 
flows through the output stages at the zero output 
current level. Increasing the current supplied by 
one stage while reducing that supplied by the other 
then causes current to flow in the external load. As 
shown by the waveforms of Fig. 5, this arrange- 
ment assures a smooth transition from one output 
polarity to the other, unlike those systems that use 
a unipolar output stage and reverse output connec- 
tions at the zero level when going from one polarity 
to the opposite. 

Frequency compensation networks within the 
circuits maintain high output impedance at fre- 
quencies up to 25 kHz. This not only insures fast 
response to programming commands, but it also 
suppresses transients resulting from fast changes 
in load impedance. 

Limiting 

The voltage limiters are connected in an auto- 
tracking configuration that allows one DAC to set 
both positive and negative limits. The DAC gener- 
ates a negative voltage and the emitter of the nega- 
tive voltage limiter output stage clamps to this level 
(Vl-). This voltage tends to pull down on the posi- 
tive-voltage-limiter input, resulting in an opposite 
action at its output (V L+ )- Because of feedback 
through resistor Ru, the system stabilizes with the 
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Fig. 7. Pocket programmer, 
shown here without interconnec- 
ting cable, enables the Model 
6140A Digital Current Source to 
be operated manually tor off- 
line service and calibration or 
for use on the lab bench. Pro- 
grammer operates all the Cur- 
rent Source input functions by 
switch closures. 



positive voltage-limiter input at the same level as 
the emitter, which is at ground^. By making R L i 
equal to Rt, 2) the positive voltage limit V L + thereby 
assumes the same magnitude as the negative limit 
Vl-. 

Whenever the magnitude of the output voltage 
exceeds either voltage limit, the corresponding di- 
odes, D1-D3 or D2-D4, will be forward-biased and 
will bypass current around the load so the regulator 
system will not attempt to increase the voltage 
substantially. This current is passed to ground"^ 7 
by the corresponding limiter. Power handling capa- 
bilities of the limiters are more than adequate to 
absorb the maximum output current. 

Circuits [not shown) that sense an overload con- 
dition, turning on the front-panel indicator and 
transmitting this information to the controller, re- 
spond to the voltage drop across the diodes. Hence, 
these circuits respond when the magnitude of the 
output voltage exceeds the selected limit by 1.4 
volts, at which point the diodes are fully on and 
the output voltage cannot increase further. 

To prevent any leakage through the diodes during 
normal operation of the supply, diodes D3 and D4 
are bootstrapped to the output voltage by way of 
the high guard amplifier. 
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SPECIFICATIONS 

HP Models 6140A and 6145A Digital Current Sources 



INPUT POWER: 

115/230 Vac ± 10%, 48-440 Hz, 1.6 A, 184 VA at 115 Vac. 

OUTPUT POWER: 

X1 Range: -16.3840 to +16.3835 mA @ 100 Vdc. 
X10 Range: -163.840 to +163.835 mA @ 100 Vdc. 

SINK CURRENT COMPLIANCE: 

A sink condition results from an active load attempting to force 
energy back into the DCS. This can appear as current flow into the 
HI output terminal when the terminal is positive, or current flow 
out of the terminal when it is negative. In either case, active load 
terminal-to-terminal voltage is limited to 100 Vdc and the maximum 
current that the DCS can safely sink is 163.84 mA. 

BASIC DC CURRENT ACCURACY (at 23°C ± 3°C, 115 Vac input, 
following 30 minutes warm-up): 
x 1 Range: 1 pA ± 0.005% of programmed output, 
x 10 Range: 10 M ± 0.005% of programmed output. 

SOURCE EFFECT (Change in output current for any change in line 
voltage from 104 to 127 Vac or 208 to 254 Vac): 
X1 Range: 200 nA 
x 10 Range: 500 nA 

LOAD EFFECT (Change in output current for any output voltage 
change within rating): 
X1 Range: <20 nA 
X10 Range: <200 nA 

TEMPERATURE COEFFICIENT: 

X1 Range: 150 nA + 0.0006% of programmed output current/°C. 
X10 Range: 1.5 /jA + 0.0006% of output current/°C. 

DRIFT (DC output current drift under constant line, load and ambient 
temperature for 8 hours after 30 minutes warm-up): 
X1 Range: 0.5 M 
x 10 Range: 5.0 M 



PARD (RIPPLE AND NOISE): DC to 50 MHz at any 

under any load condition within rating: 
X1 Range: 0.5 /iA rms/2 M P-p 
X 10 Range: 2 M rms/8 M p-p 



ne voltage and 



TRANSIENT RECOVERY TIME (Time required for output current to 
recover within 0.1% of full range current following full load 
voltage change): 
X 1 or x 10 Range: 150 /xsec. 

PROGRAMMING TIME (Maximum time required for output to settle 
within 0.1% of programmed current change after simultaneous 
receipt of data and gate signals with resistive load connected 
across output terminals): 
x 1 or X 10 Range: 300 ,usec. 

STORAGE DISABLE: In this mode, digital inputs bypass storage 
flip-flops: output remains at programmed level only while digital 
inputs are present. 

ANALOG INPUT (should be floated*): 
IMPEDANCE: 600 a 

MAXIMUM INPUT VOLTAGE: X1 Range: 16 V 
X10 Range: 16 V 
BANDWIDTH (to -3 dB Point): Approximately 25 kHz. 
DC GAIN: x1 Range: -1 mA/V 
X10 Range: -10 mA/V 
STABILITY (8 hours): 

X 1 Range: Same as stability of input signal +0.5 M- 
X 10 Range: Same as stability of input signal +5 #A. 

OPERATING TEMPERATURE: 0°C to +55°C. 

COOLING: Forced air. 

ACCESSORIES AVAILABLE: 

POCKET PROGRAMMER, Model 14533B. This accessory permits 
manual programming of all input functions by switch closures. 

HP COMPUTER INTERFACE KIT, Model 14535A. Includes 
computer I/O card, cable, verification software and BCS driver. 



PRICES IN U.S.A.: 



6140A, $2500.00 
6145A, $2900.00 



14533B, $147.00 (with cable) 
14535A, $1650.00 



MANUFACTURING DIVISION: NEW JERSEY DIVISION 
Green Pond Road 
Rockaway, New Jersey 07866 

*lf analog input is grounded, output ripple increases approximately 15/iA 

in XI Range and 150/M in X10 Range. 
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